INTRODUCTION
============

Chronic kidney disease (CKD) constitutes a group of disorders characterized by alterations in renal structure and function, which result in hormonal and metabolic complications according to the severity of the disease. Based on current definitions, the prevalence of CKD is rising in both Western and Eastern countries, ranging from 11.5% to 11.9% in national surveys, compared with that of diabetes.^[@R1]--[@R3]^ Patients with CKD carry high risks of major complications, such as progression to end-stage renal disease (ESRD),^[@R4]^ cardiovascular disease,^[@R5]--[@R7]^ and death^[@R8]^ in both diabetes mellitus (DM) and non-DM populations. Competing risks between ESRD and mortality in the CKD population vary with age and the presence of DM nephropathy.^[@R9],[@R10]^ In addition to genetic or sociodemographic predisposition, risk factors for CKD include the presence of certain diseases and statuses, such as hypertension, DM, smoking, and obesity.^[@R11],[@R12]^ Recently, hyperuricemia and lower serum bicarbonate have been considered progression factors.^[@R13],[@R14]^ Public health strategies to prevent the progression of CKD have achieved evident outcomes, based on the declining incident renal replacement therapy (RRT) rate and the improved modality of initiating RRT.^[@R15]^

The relationship between sleep disorders and other diseases has been emphasized in recent years, particularly regarding obstructive sleep apnea (OSA) and insomnia. OSA relates to an increased risk of metabolic syndrome and cardiovascular diseases such as hypertension, stroke, and obesity.^[@R16]--[@R18]^ It may also mediate renal damage through increased oxidative stress, induced glomerular hyperfiltration, and hypertension.^[@R19]^ Insomnia, a major disease in nonapnea sleep disorders (NASDs), is associated with sympathetic nervous system activation and elevated cardiovascular risk, including hypertension, diabetes, stroke, myocardial infarction, and mortality.^[@R20]--[@R26]^ Several studies have shown a high prevalence of OSA and insomnia in the CKD population: 35.5%--73% for insomnia^[@R27]--[@R29]^ compared with 3.4%--10% for the general population.^[@R30],[@R31]^

However, whether bidirectional causality exists between NASD and CKD, as implicated between sleep apnea and obesity, remains unknown. With increasing prevalence and poor outcomes in the CKD population, identifying the relationship between NASD and CKD is crucial for preventing the development and progression of CKD. The aim of our study was to determine the subsequent risk of CKD in patients with NASDs. We conducted a retrospective cohort study using data from the Taiwan National Health Insurance Research Database (NHIRD). We excluded patients with OSA to control for associated metabolic disorders.

MATERIALS AND METHODS
=====================

Data Source
-----------

The source of our data was the NHIRD, which covered claims of ambulatory care, inpatient services, dental services, and prescriptions during 1996 to 2011. A universal National Health Insurance (NHI) program was implemented in Taiwan in March 1995. Ninety-nine percent of the total population in Taiwan, approximately 23 million people, was enrolled in this NHI program (<http://www.nhi.gov.tw/english/index.aspx>). The National Health Research Institute (NHRI), which manages the NHIRD, has released comprehensive NHI-related administrative claims data for research. In 2000, the NHRI randomly selected 1 million participants from the NHIRD longitudinally linked data available from 1996 to 2011 to form the Longitudinal Health Insurance Database 2000 (LHID 2000) for study purposes. LHID 2000 presented a subpopulation with identical sex and age distribution related to the entire population in Taiwan. The NHRI states that no statistical differences in age, sex, and health care costs exist between LHID 2000 and all enrollees.^[@R32]^ Diagnosis of disease was coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The accuracy and validity of using diagnosis codes in the NHIRD have been documented.^[@R33]^ This study analyzed de-identified secondary data; therefore, no informed consent was required. This study was approved by a full ethical review (institutional review board (IRB) permit number: CMU-REC-101-012).

Sample Participants
-------------------

Based on the LHID 2000, we identified a cohort of NASDs, consisting of patients newly diagnosed with sleep disorders other than sleep apnea (ICD-9-CM codes 307.4 and 780.5) from January 1, 1998 to December 31, 2001. The index date was defined as the first date of NASD diagnosis. We excluded patients who had sleep apnea syndrome (ICD-9-CM codes 780.51, 780.53, and 780.57) and patients with a history of CKD (ICD-9-CM codes 580--589), ESRD (ICD-9-CM code 585) before the index date, aged less than 18 years, or with incomplete demographic information. Comparison control patients were selected from people without a history of sleep disorders, CKD, or ESRD, based on the LHID 2000. For each identified NASD patient, 2 comparisons were frequency matched with age (each 5-year span), sex, and year of index date as the non-sleep disordered cohort (non-SD). Figure [1](#F1){ref-type="fig"} demonstrates a study flowchart for the selection process.
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Outcomes and Relevant Variables
-------------------------------

Both the NASD and non-SD cohorts were followed from the index date to the date when CKD (ICD-9-CM code 585) occurred, when they withdrew from the insurance system, or the end of 2011. To compare the effect of different types of NASDs on CKD incidence, we further classified NASD into 3 categories: insomnia (ICD-9-CM code 780.52); sleep disturbance associated disorders including sleep disturbance (ICD-9-CM code 780.5), sleep disturbance unspecified (ICD-9-CM code 780.50), hypersomnia, unspecified (ICD-9-CM code 780.54), dysfunctions associated with sleep stages or arousal from sleep (ICD-9-CM code 780.56), sleep-related movement disorder, unspecified (ICD-9-CM code 780.58), and sleep disturbance, and other associates (ICD-9-CM code 780.59); and other sleep disorders (ICD-9-CM code 307.4). The baseline comorbidity history for each patient was determined based on claims data including hypertension (ICD-9-CM codes 401--405), DM (ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code 272), coronary artery disease (CAD) (ICD-9-CM codes 410--414), stroke (ICD-9-CM codes 430--438), and heart failure (ICD-9-CM code 428).

Statistical Analysis
--------------------

The baseline characteristics and comorbidity between the NASD cohort and the non-SD cohort were compared. Chi-square and *t* tests were used to evaluate the distributions of discrete and continuous variables, respectively. The incidence densities of CKD were calculated according to sex, age, and comorbidity for each cohort. Univariable and multivariable Cox proportional hazard regression models were used to assess the risk of CKD in the NASD cohort compared with that in the non-NASD cohort. Baseline characteristic variables, such as age, sex, and comorbidities, were included in the multivariable model for adjustment. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using the Cox model. We used multiplicative analysis to evaluate the interaction effect of NASD and comorbidities on CKD risk. To assess the difference in the CKD-free rates between the 2 cohorts, we applied Kaplan--Meier analysis and the log-rank test. All statistical analyses were performed using SAS 9.3 (SAS Institute Inc, Cary, NC), with *P* \< 0.05 in 2-tailed tests considered significant.

RESULTS
=======

From January 1, 1998 to December 31, 2001, 42 to 812 patients with NASD were identified as the study cohort, and 85 to 624 non-SD matched persons without NASD were identified as the comparison cohort. The mean follow-up time was 10.2 ± 3.12 and 10.5 ± 2.74 years for the NASD and comparison cohort, respectively. The distribution of sex and age was similar in both cohorts (Table [1](#T1){ref-type="table"}). Women dominated the study cohorts (64.2%) and about one-half of the individuals were younger than age 50 years. Compared with the comparison cohort, NASD patients were more likely to have comorbidities including hypertension, diabetes, hyperlipidemia, CAD, stroke, and heart failure (all *P* \< 0.001).

###### 

Comparisons in Demographic Characteristics and Comorbidities in Patients With and Without NASD

![](medi-94-e429-g002)

The incidence rate of CKD was significantly higher in the NASD cohort than in the comparison cohort (2.68 vs 1.88 per 1000 person-years, respectively). Patients with NASD had a higher risk of CKD compared with the comparison cohort (crude HR = 1.42 \[95% CI, 1.32--1.53\]; *P* \< 0.001) (Table [2](#T2){ref-type="table"}). After we adjusted for the covariates, the risk of developing CKD remained significant for patients with NASD (adjusted HR = 1.13; 95% CI = 1.05--1.22; *P* \< 0.01). The incidence of CKD was higher in men than in women in both cohorts. Men in the NASD cohort had a significantly higher risk of CKD compared with men without NASD (adjusted HR = 1.16 \[95% CI = 1.04--1.30\]; *P* \< 0.01). The incidence rate of CKD increased with age in both cohorts. Patients younger than age 49 years in the NASD cohort had a 32% increased risk of CKD compared with those in the comparison cohort (adjusted HR = 1.32 \[95% CI = 1.09--1061\]; *P* \< 0.01). Patients free from comorbidities in the NASD cohort had a 33% increased risk of CKD compared with those in the comparison cohort (adjusted HR = 1.32 \[95% CI = 1.09--1.61\]; *P* \< 0.001). However, patients with concomitant comorbidities in the NASD cohort carried a risk comparable with that of the comparison cohort (adjusted HR = 1.06 \[95% CI = 0.97--1.16\]).

###### 

Incidence and HRs of Chronic Kidney Diseases for NASD Cohort Compared With Non-NASD Cohort by Demographic Characteristics and Comorbidity
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Table [3](#T3){ref-type="table"} shows that the risks of developing CKD in NASD patients increased significantly with concomitant comorbidities. Cases with NASD and diabetes had a higher risk of CKD than did the group without NASD and diabetes (adjusted HR = 4.89; 95% CI = 4.28--5.57; *P* \< 0.001). Subgroup patients with interaction conditions were associated with an increased risk of CKD regarding NASD and hypertension (adjusted HR = 2.90; 95% CI = 2.61--3.22; *P* = 0.03), NASD and hyperlipidemia (adjusted HR = 2.37; 95% CI = 2.13--2.65; *P* = 0.001), NASD and CAD (adjusted HR = 1.84; 95% CI = 1.64--2.05; *P* \< 0.001), NASD and stroke (adjusted HR = 1.87; 95% CI = 1.48--2.36; *P* = 0.007), and NASD and heart failure (adjusted HR = 2.08; 95% CI = 1.64--2.65; *P* = 0.002). Interactions between NASD and comorbidities were significant (all interaction *P* \< 0.05).

###### 

Cox Proportional Hazard Regression Analysis for the Risk of CKD-Associated NASD With Interaction of Comorbidity
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Table [4](#T4){ref-type="table"} shows different types of NASDs associated with the relative risks and hazards of CKD. Compared with the non-NASD cohort, patients with sleep disturbance associates had a 14% increased risk of developing CKD (95% CI = 1.03--1.26; *P* \< 0.01). Patients with insomnia had a 13% increased risk of subsequent CKD (95% CI = 1.02--1.25; *P* \< 0.05) compared with those in the non-NASD cohort.

###### 

Incidence Rates and HRs of Chronic Kidney Diseases in Patients With Different Types of NASDs
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Kaplan--Meier survival analysis indicated that the CKD-free rate was 1% lower in the NASD cohort than in the comparison cohort (log-rank test, *P* \< 0.0001) (Figure [2](#F2){ref-type="fig"}).

![Probability free of chronic kidney diseases for patients with (dashed line) or without (solid line) nonapnea sleep disorders.](medi-94-e429-g006){#F2}

DISCUSSION
==========

This study demonstrated that the incidence rate of CKD in the NASD cohort was 2.68 per 1000 person-years. The NASD cohort had a 1.13-fold higher risk of subsequent CKD than patients without NASD, after we adjusted for age, sex, and comorbidities. Comorbidities including hypertension, diabetes, hyperlipidemia, and heart failure were significant initiating or progression factors in CKD. In our study, the prevalence of NASD in the general population is 4.2%, compared with that in another large population-based study in the United States.^[@R31]^ Higher prevalence rates of insomnia in women and increased risks based on age were also observed in another study.^[@R30]^ Although NASD was more prevalent in women, men with NASD had a higher risk of CKD compared with men without NASD (adjusted HR = 1.16). In general, younger patients (≦49 years) carried a lower risk of CKD and other comorbidities. According to our results, younger patients with NASD already had significant risks of CKD (adjusted HR = 1.32). In addition, the effect of having NASD in subgroup patients without comorbidities carried a higher risk of CKD (adjusted HR = 1.33). Whereas in NASD patients with single or multiple comorbidities, the effect of having NASD became minor, because confounding effects may exist between comorbidities and NASD (adjusted HR = 1.06) (Table [2](#T2){ref-type="table"}). Therefore, we used multiplicative analysis to examine the interaction effects between risk factors. The results showed that, as expected, significant confounding effects existed between NASD and other comorbidities. However, the interaction terms contributed additional significant risks of CKD development. The risk of CKD in patients with concomitant NASD and diabetes is 10% higher than in patients with diabetes alone (adjusted HRs = 4.89 vs 4.79, respectively) (Table [3](#T3){ref-type="table"}). We further examined the association between the risk of CKD and subgroups of NASD. The risks of CKD were significant in the insomnia and sleep disturbance associate subgroups, but not in patients with other sleep disorders (adjusted HRs = 1.13, 1.14 vs 4.79, respectively) (Table [4](#T4){ref-type="table"}).

Sleep disorders are classified into major categories such as insomnia, sleep-related breathing disorders, sleep-related movement disorders, and other sleep disorders. Research on sleep disorders has mainly focused on OSA. A study proposed that, through hypoxemia and obesity, OSA can increase cardiovascular risks.^[@R16]^ In addition, OSA is associated with hypoxemia and sleep fragmentation, which activates sympathetic activities, the renin--angiotensin--aldosterone system, and endothelial dysfunction, thus predisposing patients to renal damage.^[@R19]^ However, insomnia, the most prevalent sleep disorder, also has several consequences including decreased quality of life, degraded performance, and increased cardiometabolic risks.^[@R24],[@R34],[@R35]^ We hypothesized that in other sleep disorders, particularly insomnia, patients may experience the phenomenon of renal dysfunction observed in OSA patients.

To explain the association between NASD and CKD, studies have evaluated the effect of sleep disorders on the development of cardiovascular diseases. Insomnia with short sleep duration is associated with inflammation, increased sympathetic arousal, and dysregulation of the neuroendocrine system,^[@R36],[@R37]^ which are subsequently related to diseases such as hypertension, obesity, and diabetes.^[@R20],[@R21],[@R24]^

One study provided direct biochemical evidence that acute sleep deprivation causes endothelial dysfunction before the increase in sympathetic activity and systolic blood pressure. Markers of vascular endothelial cell activation, including soluble intercellular adhesion molecule-1, E-selectin, and interleukin-6, raised before the elevation of sympathetic activity markers such as blood pressure and heart rate in sleep deprivation.^[@R38]^ Another study reported that carotid intima--media thickness was greater in elderly patients with a total sleep time of ≦5 hours compared with those with a total sleep time of ≧7 hours, implying that short sleep duration was associated with atherosclerotic risk.^[@R39]^ Short-term sleep deprivation has been associated with a decrease in leptin levels, impaired insulin sensitivity, and an increase in hunger, thus predisposing adults to obesity.^[@R37]^

The activation of sympathetic activities, including the elevated level of urinary norepinephrine and increased blood level of epinephrine and norepinephrine with half a night of sleep deprivation, was observed.^[@R40]^ In an in vivo model, norepinephrine can stimulate production of inflammatory mediators including IL-6 and tumor necrosis factor-α.^[@R41]^ A recent study examined the association between sleep duration and urinary albumin--creatinine ratio (UACR), determining that both short and long sleep durations were significantly associated with high UACR levels, an early marker of renal damage in type 2 diabetic patients.^[@R42]^

In summary, these cardiometabolic effects of sleep disorders might confer high risks of developing CKD. Although most of these studies have been confined to small sample sizes and a short-term follow-up, they have provided indirect evidence to support our hypothesis.

LIMITATIONS
===========

The strengths of our study are based on using longitudinal, population-based data, demonstrating demographic characteristics for CKD and insomnia validated by previous studies on general populations. In addition, the association between 2 comorbid diseases was identified, thus yielding potential prevention implications. Our findings should be interpreted in the context of the inherent limitations of using an administrative database.

First, the NHIRD contains no detailed information regarding smoking habits, socioeconomic status, body mass index, or family history of renal diseases. The relevant biochemical variables, such as the estimated glomerular filtration rate and albuminuria level, which are critical measures of CKD severity with prognostic implications, were unavailable. These variables cannot be adjusted in analysis, because bias resulting from residual confounders might have affected the results.

Second, the diagnosis of insomnia or sleep disturbance was made by physicians, and a prospective survey questionnaire for determining the objective sleep duration and quality of life of patients was lacking. Nevertheless, the claims data regarding the diagnosis of NASDs, CKD, and other comorbidity diagnoses were nonetheless reliable because of the validity of the database,^[@R33]^ large sample size, and longitudinal follow-up.

Finally, data derived from a retrospective cohort study are generally of lower statistical quality than those derived from randomized trials because of potential biases. However, the association observed between NASD and CKD remained significantly independent of potential confounders.

CONCLUSION
==========

Our study is the first population-based retrospective cohort study demonstrating that NASD may be a significant risk factor for CKD. Patients with concomitant NASD and comorbidities, as well as patients who are elderly or male, should be monitored for long-term renal consequences. Because of the rising prevalence and improved public awareness of NASD and CKD, early diagnosis and behavioral or medical treatment of sleep disorders have become crucial in preventing CKD.

Abbreviations: CAD = coronary artery disease, CKD = chronic kidney disease, DM = diabetes mellitus, ESRD = end-stage renal disease, NASD = nonapnea sleep disorder, OSA = obstructive sleep apnea, RRT = renal replacement therapy.

This work was supported by the study projects (CMU102-BC-2) in China Medical University; Taiwan Ministry of Health and Welfare Clinical Trial and Research Center of Excellence (MOHW103-TDU-B-212-113002); and health and welfare surcharge of tobacco products, China Medical University Hospital Cancer Research Center of Excellence (MOHW103-TD-B-111-03, Taiwan).

The authors have no conflicts of interest to disclose.
